SUMMARY The aim of the study was to evaluate the craniofacial morphology in Caucasian patients with sickle cell disease (SCD) by comparing them with a healthy group paired for gender and age, by means of lateral cephalometric radiographs. Thirty-six Sicilian patients with SCD (17 females and 19 males), including 14 b s β s (mean age 28 ± 5.9 years), 13 b s b 0th (mean age 27.5 ± 8 years), and nine b s b +th (mean age 32.8 ± 9.9 years) were examined. The control group consisted of 36 subjects (mean age 28.9 ± 8 years) without recognized haematological abnormalities. The means and standard deviations were calculated for each cephalometric variable. A two-sample t -test was used to compare the means between the study and control groups. One-way analysis of variance and Dunnet's multiple comparison test were used in order to analyse the differences between the control group and the subgroups divided according to genotype. The level of signifi cance used was P < 0.05.
Introduction
Sickle cell disease (SCD) is a hereditary blood disorder characterized by abnormally shaped red cells. The anaemia associated with SCD is caused by an abnormal haemoglobin mutation, haemoglobin (Hb) S, as a result of which glutamic acid is replaced by valine on the beta chain. This mutation causes chronic haemolytic anaemia and vaso-occlusive episodes with ischaemic injury of many tissues ( Schilirò et al. , 1992a , b ) . There are several forms of SCD. The principal genotypes include homozygous sickle cell anaemia, sickle cell haemoglobin C disease, and sickle cell-β -thalassaemia.
Sicily is an endemic area for Hb S and the prevalence of the trait is approximately 2 per cent. The most common genotypes observed in Sicilian patients are Hb S-β 0 -thalassaemia ( β s β 0 ) and Hb S-β + -thalassaemia ( β s β + ), while homozygous sickle cell anaemia ( β s β s ) is less frequent, and SC is rare. The systemic complications of homozygous sickle cell anaemia are more severe than in compound heterozygosis Hb S/ β -thalassaemia and in sickle cell haemoglobin C.
Although it is primarily a haematological disorder, SCD frequently exhibits multisystemic manifestations. Oral manifestations, while not common in SCD, include anaesthesia of the mandibular nerve ( Friedlander et al. , 1980 ; Gregory and Olujohungbe, 1994 ) , pulpitic pain and pulpal necrosis ( Andrews et al. , 1983 ; Cox and Soni, 1984 ) , which can be ascribed to the microvascular occlusions that tend to affect organs with terminal circulation ( Kelleher et al. , 1996 ) .
A review of the literature reveals histological changes in dental tissues ( Okafor et al. , 1986 ) , a greater incidence of caries in young African SCD patients, but no increase in periodontal disease ( Crawford, 1988 ) .
Although craniofacial features, such as maxillary protrusion and more forward growth of the mandible with signifi cantly retruded maxillary and mandibular incisors, have been documented in black American children with SCD ( Altemus and Epps, 1974 ; Shnorkian et al. , 1984 ) , no craniofacial data have been reported for Caucasian individuals with SCD.
The purpose of this study was to cephalometrically compare the craniofacial and dento-skeletal morphology in skeletally mature Caucasian adults with sickle cell anaemia with that of healthy subjects.
Subjects and methods

Subjects
Thirty-six Sicilian patients with SCD were examined (17 females and 19 males, ranging in age from 18.5 to 51.1 years), including 14 β s β s (mean age 28 ± 5.9, range 18.7 -37.9 years), 13 β s β 0th (mean age 27.5 ± 8, range 18.5 -42.3 years), and nine β s β +th (mean age 32.8 ± 9.9, range 18.6 -51.1 years) followed at the Department of Pediatric HematologyOncology, University of Catania, Italy.
None of the subjects displayed serious craniofacial dysmorphism, dysplastic-dystrophic or dysmetabolic syndromes, or any other systemic or local disease that could affect general body development or craniofacial morphology. No individuals were exposed to radiation therapy and totally or partially edentulous subjects in whom the upper and lower incisors were absent were excluded. None of the patients were regularly transfused; individuals who had undergone orthodontic treatment were also excluded. During infancy, none of the patients exhibited adeno-tonsillar hypertrophy, and none had undergone adeno-tonsillectomy Diagnosis of SCD was performed by means of haematological, molecular, and genetic studies. The β s haplotype was type Benin in all patients. The β -thal alleles identifi ed in subjects with compound Hb S-β -thal heterozygotes were CD 39, IVS-I-1, IVS-II-1, IVS-I-110, IVS-I-745, and IVS-I-6.
The control group consisted of 36 healthy patients (mean age 28.9 ± 8, range 18.5 -51.2 years) without recognized haematological abnormalities or craniofacial dysmorphism, in the same age range as the experimental group, and paired for gender with SCD subjects. They were selected from the out-patient clinic of the Faculty of Dentistry Catania University, requiring routine dental or orthodontic treatment.
Each patient had a history taken and orthodontic intraand extra-oral clinical examinations.
Cephalometric analysis
Each lateral cephalogram was obtained using a standardized radiographic technique, with a fi xed focus-fi lm distance of 152 cm and a soft tissue fi lter. The cephalograms were taken in the same cephalostat with the head positioned parallel to the Frankfort plane, with teeth in habitual occlusion and the lips relaxed.
The reference points, planes, and angles used in the cephalometric analysis ( Jarabak 1973 ; Riolo et al. 1974 ; Ricketts 1981 ) are shown in Figure 1 . The fi lms were traced manually by one author (VL) using acetate paper and enlargement of the radiographs (10 per cent) was corrected.
Reliability
Intra-observer errors in landmark identifi cation were detected by digitizing the radiographs twice with a 2 month interval. When there were two images of a structure, the midpoint between these images was chosen.
In order to minimize measurement error, linear and angular measurements were performed twice, and the estimated error between the measurements was calculated using Dahlberg's (1940) 
, where d is the difference between the fi rst two measurements and n is the number of double digitizations.
The variance between repeated measurements ranged from ±0.03 to ±0.36 mm for linear measurements, with the greatest error for S -Ba (posterior cranial base), and between ±0.18 and ±0.6 degrees for angular measurements, with the greatest error for N -S -Ba (cranial base angle). They were, however, not considered to be signifi cant.
Statistical method
The means and standard deviations were calculated for each cephalometric variable. A two-sample t -test was used to compare the means between the study and control groups and one-way analysis of variance and Dunnet's multiple comparison test in order to analyse the differences between the control group and the subgroups divided according to genotype. The level of signifi cance used was P < 0.05.
Results
The results for skeletal, dental, and soft tissue variables are reported in Tables 1 and 2 .
Skeletal variables
Flexion of the cranial base described by angle N -S -Ba was normal in both the homozygous sickle cell anaemia and heterozygous haemoglobin S groups, while posterior (S -Ba) and anterior (S -N) cranial base lengths were signifi cantly reduced ( P = 0.014 and P = 0.019, respectively). Maxillary linear and angular measurements did not dif fer signifi cantly from those of the control patients. The mandible exhibited no sagittal deviation (SNB angle, facial axis: Ba -Cc -Gn angle, facial angle: FH -NPo angle), while the jaw angle (Ar -Go -Me) was signifi cantly increased ( P = 0.000). The proportions of the mandible as manifested by the mandibular arch (Xi -Pm/Dc -Xi angle) deviated signifi cantly, refl ecting an altered mandibular shape, with an obtuse angle. Maxillo-mandibular relationship. The basal sagittal jaw relationship (ANB angle) was unchanged compared with the controls, while both inferior (Ans -Xi -Pm) and total (N -Ve -Pm) face height angles were signifi cantly increased ( P = 0.000 and P = 0.002, respectively).
Dental relationship. In all patients, there was signifi cantly greater maxillary incisor proclination than in the control group.
Soft tissue variables. Protrusion of the upper and lower lip, in relation to Ricketts' E line, was signifi cantly greater in those patients who exhibited a biprotrusive profi le.
None of the subjects displayed signifi cantly increased levels of periodontal disease.
Discussion
In the present study, the SCD patients showed a characteristic craniofacial structure, with some linear and angular dimensions differing from those of the control group.
All SCD patients presented a signifi cantly more pronounced vertical (clockwise) pattern as inferior (AnsXi -Pm) and total (N -Ve -Pm) face height angles ( P = 0.000 and P = 0.002, respectively) and posterior rotation of the mandible was increased in comparison with the controls.
Cephalometric values indicating mandibular posterior rotation and increased total and inferior face heights varied according to the genotype of the disease. This deviation followed the same specifi c pattern for all genotypes ( β s β s , β s β th ), but the most severe craniofacial changes in the dolicofacial pattern were associated with the sickle cell anaemia patients.
The maxillary incisors were signifi cantly labially inclined in all patients, while the upper fi rst molar position to PTV line was signifi cantly increased only in those with compound heterozygosis β s β th . Previous studies of subjects with SCD refer exclusively to black American paediatric patients, who exhibited maxillary protrusion and more forward growth of the mandible with signifi cant retrusion of the maxillary and mandibular incisors ( Altemus and Epps, 1974 ; Shnorkian et al. , 1984 ) . The cephalometric fi ndings, observed in the Sicilian patients, indicated only a tendency towards a vertical pattern with respect to the most extreme craniofacial changes, particularly in the maxillary structure described in black populations. This can be explained by the less severe clinical manifestations of SCD in Sicilian patients compared with black patients ( Schilirò et al. , 1992a , b ) . In Sicily, SCD is intermediate in severity between the more severe African form and the milder form seen in Saudi Arabia and India. Sickle haemoglobinopathies are diseases in which clinical features are modulated by various genetic and environmental factors. The type of occupation, diet, upbringing, and socioeconomic conditions greatly infl uence the expression of the disease, and in the patients studied, these acquired conditions were satisfactory and quite uniform. The genetic factors known to improve disease expression include the coexistence of α thalassaemia, the β -thalassaemic allele, and the presence of HPFH or δ β -thalassaemia. The β s gene haplotype in the studied patients was Benin type, as commonly observed in West and North Africa and in South-West Saudi Arabia. However, the Hb F levels in Sicilian patients with SCD were higher than those usually associated with the Benin haplotype. The benefi cial effects of high levels of foetal haemoglobin in SCD have been recognized for many years. Clinical studies have demonstrated an inverse correlation between foetal haemoglobin level and the severity of SCD ( Charache, 1990 ; Steinberg et al. , 1995 ) . In a previous study of Sicilian patients with SCD, Roth et al. (1980) also reported higher levels of Hb F (mean 10.5 ± 3.2) than in American β s β s blacks patients (mean 2.8 ± 1.6).
Conclusion
The craniofacial features observed were of moderate severity, refl ecting the fact that the clinical expression of SCD in Sicilian patients is also moderate. This is in agreement with the fi ndings of Schilirò et al. (1992a) .
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